Protein kinase activities were measured in Rous sarcoma virus-infected baby hamster kidney (BHK) cells that express v-src (BHK [v-src]) and compared with those of revertant and control BHK cells. We observed about a fivefold-higher tyrosine phosphorylating activity in BHK (v-src) cell extracts, which was due to src but not other cellular tyrosyl kinase activities since preincubation with anti-src serum reduced the activity to control cell levels. The cyclic AMP-dependent protein kinase activity was also altered when v-src was expressed. Resolution of the two cyclic AMP-dependent isozymes from the detergent-soluble fraction of cells revealed that the type I activity was selectively decreased about fivefold in BHK (v-src) cells.
Phosphorylation of proteins by protein kinases can alter the activity of enzymes and the growth properties of cells. The transforming proteins of several retroviruses are associated with cyclic AMP (cAMP)-independent, tyrosine-specific protein kinase activity. The v-src gene product encoded by Rous sarcoma virus (RSV) is one of the best-described tyrosyl kinases (1) . Transformation of cells by RSV involves amplification of tyrosine phosphorylation in cellular proteins (20) . It is currently unknown whether v-src tyrosyl kinase is solely responsible for the amplified phosphotyrosine in cell proteins or whether other tyrosyl kinases, activated by vsrc, also phosphorylate proteins in transformed cells. In addition to changes in tyrosine phosphorylation, the degree of serine and threonine phosphorylation in some phosphoproteins is also altered in RSV-transformed cells (6) . It is therefore possible that protein kinase levels (other than tyrosyl kinase) might change in cells as a direct or indirect result of amplified v-src expression.
The cAMP-dependent protein kinase phosphorylates serine and to a lesser extent threonine in cellular proteins and has been shown to affect cell metabolism by altering activities of several metabolic enzymes (13) . The activity of the cAMP-dependent enzyme is mediated by cAMP levels in cells. Two types of cAMP-dependent protein kinases exist (8) ; they contain the same catalytic subunit but have different regulatory subunits which have been postulated to play separate functional roles as a result of their different characteristics. The two types are differentially activated during the changing developmental status of some cells (12, 14, 15, 19) and during cell cycle progression (3, 9, 11, 21) .
Regulatory interactions between v-src tyrosyl kinase and the cAMP-dependent protein kinase have not been extensively investigated. The v-src protein has a serine residue that is phosphorylated by the cAMP-dependent protein kinase (5), but changes in the cAMP-dependent kinase activity does not apparently affect the v-src tyrosyl kinase activity, at least in RSV-transformed vole cells (16) .
Studies were initiated to investigate whether v-src expression affected the activities of cellular protein kinases that are involved in cell metabolism and growth. Overall levels of * Corresponding author.
cAMP-independent tyrosine-, threonine-, and serine-specific as well as cAMP-dependent protein kinase activities in the different BHK cell lines were compared. The origin and properties of the BHK cells employed, details of their infection with RSV, and measurements of their v-src gene expression have been previously described (4, 10, 17) . BHK cells that express v-src [BHK (v-src)] also express v-src tyrosyl kinase activity, whereas BHK control cell cultures which have not been exposed to RSV and the revertant RSV-infected BIK cell lines do not express v-src. The revertant cells contain the RSV proviral genome but do not express v-src mRNA or protein (4, 10) . BHK cells were chosen since the RSV-infected and control BHK cells are continuous cell lines with similar growth rates. Differential expression of protein kinases, particularly the cAMP-dependent kinase during the cell cycle (3, 9, 11, 21), should therefore not contribute to differences in enzyme levels in the BHK cells.
To determine whether cellular tyrosyl kinases (other than src) are amplified in response to v-src expression, we first measured the total cellular tyrosine-specific kinase activity in the BHK cells. The components of the reaction mix were adjusted to give maximum levels of 32P-labeled product with either RSV-infected or control BHK Changes in the concentration of Nonidet P-40 from 0.5 to 1.5% had little or no effect on the enzyme, nor did alterations in dithiothreitol concentration. The extent but not the initial velocity of tyrosine phosphorylation was increased nearly twofold by the addition of 25 ,uM vanadate, a phosphotyrosyl phosphatase inhibitor, which was included in all reactions. Most other assays previously conducted for active tyrosyl kinase have used an immune complex reaction with antibodies directed against single, specific viral enzymes (1). Our assays, on the other hand, contained substrates which are phosphorylated by several viral and cellular tyrosyl kinases in a soluble assay in which the kinetics of the reaction can be investigated.
The levels of 32p incorporation with endogenous cellular protein substrates in the BHK cell extracts were measured as described above. Maximum 32p incorporation into protein was reached 5 min after the reaction was initiated, and this level was maintained for at least 10 min (data not shown). To assess the levels of tyrosine phosphorylating activity, phosphoamino acid analyses of the products at 5 min of incubation were conducted as previously described (4). Quantitations of acid-stable, [32P]phosphotyrosine revealed a 5.8-fold-higher phosphate incorporation with extracts of BHK (v-src) cells compared with control BHK cells (2.9 versus 0.5 fmol/mg of protein per min). The absolute amount of phosphate transferred to tyrosine, however, is an underestimate due to incomplete hydrolysis of phosphopeptides as well as hydrolysis of phosphomonoester bonds during acid hydrolysis of the 32P-labeled product. When casein was added to the assay, we observed similar levels of tyrosine phosphorylation, indicating that endogenous tyrosyl kinase substrates were in excess of the enzyme (data not shown).
Quantitations of v-src expression. Therefore, increased phosphotyrosine in several cellular proteins in RSV-transformed cells may be entirely due to the v-src kinase activity or may be due partly to cellular tyrosyl kinases that are translocated to sites in which substrate proteins are more accessible. The first possibility is supported by observations that the phosphotyrosine levels in proteins are rapidly reduced to nearly normal levels by shifting temperature-sensitive RSV-transformed cells to the nonpermissive temperature (20) .
The results obtained with antiserum also illustrate the validity of the soluble assay for comparing tyrosyl kinase levels in cells. It might have been possible that the differential rates of angiotensin or endogenous protein phosphorylation were due to factors that interfere with measurements of tyrosyl kinase activity such as phosphotyrosyl phosphatase, ATPase, protease, or enzyme inhibitors. Because the difference in tyrosyl kinase activity in the BHK cell lines was eliminated by immunoprecipitation of a src-related protein from the cell extract, we concluded that our assays reflect the levels of tyrosyl kinase and are not greatly influenced by different levels of the above components.
The active forms of virally coded tyrosyl kinases are bound to the detergent-insoluble matrix, which contains the cytoskeleton of cells (7), whereas the protein kinase associated with the epidermal growth factor receptor apparently fractionates with the detergent-soluble material, which contains soluble cytoplasmic, nuclear, and membrane proteins. BHK (v-src) and control BHK cells were fractionated into the detergent-soluble and detergent-insoluble matrix by the method of Brown et al. (2) . Monolayer cell cultures (60-mm dishes) were washed twice with phosphate-buffered saline, and the detergent-soluble fraction was extracted at 4°C by the addition of 0.25 ml of extraction buffer containing 100 mM KCI, 10 mM piperazine-N,N'-bis(2-ethanesulfonic acid) disodium salt (PIPES; Sigma Chemical Co.) (pH 6.8), 0.5% Nonidet P-40, 300 mM sucrose, 1% trasylol (Aprotonin; Sigma Chemical Co.), and 3 mM MgClI. After 3 min at 4°C, the soluble fraction was removed, and the residue was washed with 0.5 ml of extraction buffer which was then discarded. The detergent-insoluble material was scraped from the plate in 0.25 ml of extraction buffer, and both detergent-soluble and insoluble fractions were assayed for protein kinase activity. Equal amounts of protein from the soluble fraction and an equivalent portion from the insoluble fraction were assayed. By using endogenous cellular proteins or endogenous cellular proteins with added casein as the substrate, we found that ca. 80% of the tyrosine phosphorylating activity was associated with the cytoskeletoncontaining, insoluble fraction in BHK (v-src) cells. This is in agreement with previously published results that show the majority of v-src protein to be associated with the detergentinsoluble fraction of cells. As was found by using whole-cell extracts, the serine and threonine phosphorylating activities in fractionated cells were not detectably affected by v-src expression (data not shown).
To test whether v-src kinase activity may affect the activity and localization of the cAMP-dependent protein kinase, the enzyme was measured in BHK (v-src) and control BHK cells. Enzyme activity was measured in a total volume of 50 ,ul containing the following: 50 mM morpholinopropane sulfonic acid (pH 7.0), 10 mM MgCl2, 100 mM KCI, 0.25 mM ethylene glycol-bis(,-aminoethylether)-N,N- and a wash in 0.42% H3PO4 as previously described (18) . The rate of cAMP-dependent and independent serine-peptide phosphorylation in both detergent-soluble and insoluble fractions was linear for 10 min and reached a plateau by 15 min (not shown). In agreement with the levels of serine phosphorylation, the cAMP-independent, serine phosphorylating activity measured with the serine-peptide substrate was not altered in activity or association with the cytoskeleton-containing fraction in the BHK (v-src) cells (Table 1) . Although the cAMP-dependent activity in each cell line was the same in the cytoskeleton-containing fraction, there was an apparent twofold decrease of activity in the detergentsoluble enzyme from the BHK (v-src) cells (Table 1 ). The fraction of cAMP-dependent protein kinase activity in the detergent-soluble fraction was ca. 76% in the control cells and 67% in the BHK (v-src) cells. To determine whether these differences in activity could be related to the presence of a soluble activator in the control BHK cells or to an inhibitor in the BHK (v-src) cells, extracts from the two cell lines were mixed and assayed for enzyme. In samples from the DEAE-cellulose chromatography or from detergent-soluble extracts, the activities were additive. This makes the presence of a soluble activator or an inhibitor as a mechanism for the decrease observed in the BHK cells with elevated v-src protein unlikely.
The mechanism whereby the reduction in type I cAMPdependent kinase activity occurred is unknown. A direct effect of src on cAMP kinases has not apparently been investigated, since the presence or absence of phosphotyrosine in the regulatory or catalytic subunits in RSV-transformed cells has not been reported. It is possible that the alteration in the proportion of the isozymes that we observed may not be caused by tyrosine phosphorylation of the cAMP-dependent enzymes but may well be a secondary event following amplified expression of v-src.
Several observations indicate that an alteration in the proportion of type I kinase may alter cell differentiation and growth. For example, alterations in the ratios of type I and type II cAMP-dependent kinases have been observed in differentiating cells (12, 14, 15, 19) , in cells progressing through the cell cycle (3, 9, 11, 21) , in the growth arrest and reverse transformation of some cells, caused by elevated cAMP levels (11, 19) , and in some transformed cells (11, 22 
